INTRODUCTION
Bambara groundnut [Vigna subterranea (L.) Verdc] is an indigenous grain legume grown mainly by female subsistence farmers in drier parts of sub-Saharan Africa [1] . It is a tropical grain legume which plays an important nutritional role in developing countries of the tropics and subtropics. Because of its high protein content (18-25 %) [2] . Groundnut has several agronomic advantages including high nutritional value, drought tolerance, and ability to produce some yield in soils that are too poor for cultivation of other more favoured species such as common beans and groundnuts [3;4] . In fact, soil bacteria collectively called rhizobia can enter into a symbiotic association with vegetables especially Bambara groundnut which leads to the formation of nitrogen fixing root nodules. This symbiotic interaction is of agronomic and ecological importance due to its high nitrogen content in the total nitrogen balance of terrestrial ecosystems [5] . In addition, the soil bacteria belonging to the symbiotic and endophytic bacteria are well known for their beneficial implications to promote directly the growth and indirectly the defense of plants [6;7] .
Thus, Bambara peanut contributes to soil nitrogen enhancement for other crops by fixing atmospheric nitrogen by symbiotic action with rhizobium bacteria. This action is very beneficial for crop rotations and inter-cropping [8;9] . Despite its importance, the harvest of Bambara's peanut is neglected and poorly judged.
Admittedly, several scientific studies have been carried out, notably on the botanical, physiological, biochemical and genetic traits of this plant species in Côte d'Ivoire; but none of them were interested in the rhizobial bacteria that are its natural symbiotic partners and origin of its agronomic and ecological properties. Thus, our work aims to make an agronomic characterization of the symbiotic partner of the peanut of Bambara in order to use it as inoculum and natural fertilizer.
MATERIALS AND METHODS

Symbiotic Characteristic
The study was conducted in the experimental fields of the University Jean Lorougnon Guédé, Daloa, Côte d'Ivoire (6, 91° N, -6, 44° W). Three (03) variety of Bambara groundnut (Vigna subterranea L.) were used for the isolation (Figure 1) . However, for the test of authentication, only the variety Ci5of Bambara groundnut was used to estimate the infectivity (ability to re-infect the host plant) and the efficiency (effectiveness in fixing atmospheric nitrogen) of fourteen (14) isolates and one (01) reference strain Sinorhizobium meliloti 1021. The 14 strains isolated in Daloa's soil, were coded RVC (Rhizobia of Vigna of Côte D'Ivoire). Each strain was grown on Yeast Extract Medium (YEM) liquid medium to logarithmic phase and a volume of 1mL of the bacterial broth inoculated to young plant of bambara groundnut old to 12 days, growing in plastic pots (three plants/pot) containing sterilized sand. As control, each block contained two pots (controls) that not inoculated [10] . Plants were supplied with water every two days. Forty-five days after inoculation, number and dry weight (mass) of nodules were recorded for evaluating the infectivity. Also the dry weight (mass) of the aboveground (aerial) part of the plant was recorded for evaluating the effectiveness that expressed in relative index.
Figure1. Seeds of Bambara groundnut used for this study: (A) Ci5, (B) Ci2 et (C) Ci1
Relative Index of dry weight increase was calculated according to the described according of Cheriet's method [11] :
Relative Index of Dry Weight (RI) = Dry weight of inoculated plant Dry weight of uninoculated palnt (control)
Agronomic Characteristic
The productivity of bambara groundnut were estimated by two (02) significant parameters: fruit number and dry weigh of fruits. These parameters were evaluated three (03) months after inoculation
Data Analysis
The data of measured parameters recorded were together and subjected to statistical analysis using the STATISTICA program (7.1). Subjected of Chi2 of Pearson and plant agronomics parameters were subjected by analysis of variance difference between the rhizobial strains evaluated at the 5 % level of HSD test
RESULTS AND DISCUSSION
Authentication and Symbiotic Characteristic
The re-inoculation of the plants with strains isolated from three (03) varieties of Vigna subterrenea and Reference strain (S. meliloti) allowed the re-infection of the host plant (variety Ci5 of Vigna subterrenea) and the formation of the functional nodules on the hand and the increase of the dry weight of the aboveground (aerial) part, the underground (root) part and the nodules on the other hand (Table  1) . Osei Yaw et al. [12] showed that rhizobia isolated from cowpea could not nodulate bambara groundnut (V. subteranea) even though cowpea nodulated with rhizobium isolated from these legumes. A large variability infective capacity of the strains was highlighted in this study. The results of this work are consistent with those reported by Maatallah et al. [13] and El-Hilali [10] which authenticated the isolated rhizobia of chickpeas and lupins respectively. Even if each plant is inoculated with 1 ml of bacterial broth, the average number of nodules per plant varies from 7 to 43. Two RVC9 and RVC3 strains showed the same infectious capacity as the reference strain (S. meliloti). While three other RVC4, RVC8 and RVC13 strains showed higher infectious capacity than Sinorhizobium meliloti (Figure 2 ).
Figure2. Nodules of plant inoculated with (A) : RVC8 and (B) : S. melilot
Substantial gains in dry matter were observed in Vigna subterrenea plants grown in semi-sterile soil and inoculated with native Rhizobia from Daloa and S. meliloti. Indeed, more than 57 % of the strains isolated from Vigna subterrenea produced gains in dry matter, in their host plants, of more than 50 % compared to uninoculated plants. The native strains RVC13 and RVC14 were more efficient than the S. meliloti strain, the efficacy of which is similar to that of RVC8. These inoculants also led to a significant development of the root systems of the plants that received them, except for the RVC2 strain which induced a similar effect to that of the controls (Figure 3 ).
Figure3. Root systems of plants inoculated with (A) : RVC8 and (B) : Control
Nodulation and Agronomic Performance of Indigenous Rhizobia Isolated from Bambara Groundnut (Vigna Subterranean L.) Nodules in Dalao, Côte d'Ivoire
It should be noted that, in general, there was no correlation between the symbiotic parameters evaluated except for two strains RVC13 and RVC8. Several authors have reported similar results [10;13;14] . However, various authors have found strong correlations between aerial biomass, root biomass, and number and mass of nodules [15] . Also, Diagne [16] showed that the introduced Rhizobium strain was more effective than the isolated autochthonous strains of Prosopis.
Following the study of the symbiotic factors, nine strains with a good relative effectiveness and a strong infective capacity were identified. These strains are: RVC1, RVC3, RVC5, RVC6, RVC8, RVC9, RVC12, RVC13 and RVC14. In addition, the symbiotic parameters analysis performed by Amani et al. [17] showed that Daloa's soil contains native Rhizobia that can boost soybean (Glycine max L.) growth and yield compared to imported inoculums.
Performance Evaluation
In terms of yield, all isolates of Vigna subterrenea produced the same effects in plants as the reference strain S. meliloti except the RVC13 and RVC8 strains which significantly increased the production of the host plant (Table 2) . Furthermore, the plant inoculated with the RVC3 strain gave pods which had a much higher dry weight than the plants inoculated with the other strains ( Figure 4) . Also, four strains RVC1, RVC3, RVC4 and RVC13 induced the production of pods with higher dry weights than pods whose production is stimulated by the strain reference S. meliloti. It should be noted that the obtaining of good yields is intimately linked to the strains which have proved to be good in fixing nitrogen by the formation of functional nodules. Okogun and Sanginga [18] and Tefera et al. [19] found a strong association between biomass and grain yield. The production of large pods in terms of quantity can be stimulated by the strains RVC1, RVC3, RVC4, RVC8 and RVC13. Some of these strains produced good yields (on average 7 pods / plant) and others have been more effective in stimulating the production of pods whose dry weight far exceeds those induced by the S. meliloti reference strain. 
Table2. Evaluation of performance parameters
CONCLUSION
In total, fourteen (14) bacterial strains coded RVC were isolated in vitro from the nodules of Vigna subterranea plants (bambara peas) grown in an experimental space at the University of Daloa (Côte d'Ivoire). All strains were authenticated with the Ci5 variety of Vigna s. and showed agronomically high infectivity and efficacy. Thus, the strains RVC8, RVC13 and RVC14 were identified as the most efficient and infectious as the reference strain Sinorhizobium meliloti (p<0.05). In addition, the analysis of parameters related to infectivity, symbiotic efficiency and yield of host plants in pods allowed the selection of five strains RVC3, RVC4, RVC8, RVC13 and RVC14 considered being more effective than the international strain Sinorhizobium meliloti. These strains can be constituted as well as local inoculums in the improvement of Vigna s. production in West Africa
